A strain of Escherichia coli O111:H21 recently isolated in the United Kingdom harbored the phage-encoded vtx2c gene and the aggregative adherence plasmid. Although exhibiting the same pathogenic profile as the E. coli O104:H4 strain linked to the outbreak in Germany, there were important differences in strain characteristics and in the epidemiological setting.
V
erocytotoxin-producing Escherichia coli (VTEC) strains, a well-known cause of hemolytic uremic syndrome (HUS) and bloody diarrhea, are defined by the presence of one or both phageencoded verocytotoxin genes, vtx1 and vtx2 (10) . Enteroaggregative E. coli (EAggEC) strains are a heterogeneous group defined by their stacked-brick aggregating adherence to HEp-2 cells (16) . Those with proven pathogenicity typically harbor a set of plasmid genes encoding aggregative adherence fimbriae (AAF), a dispersin protein (Aap), and an aggregative adherence transport (Aat) protein, all regulated by a transcription factor encoded by the aggR gene (17) .
In May 2011, a large food-borne outbreak in Germany, where the source was identified as fenugreek seeds, was associated with a strain of E. coli O104:H4 (3, 5) . Molecular analysis of this isolate with PCR detected a vtx2-positive, eae-negative VTEC strain which was subsequently found to possess typical molecular characteristics of EAggEC (1) . Due in part to the size of the outbreak but also to the rapid availability of the genome sequence, this isolate has been described in detail in the literature (14, 18) . Prior to this outbreak, two strains with the same pathogenic profile had been described: E. coli O111:H2 that caused an outbreak of HUS in France in 1996 (15) and E. coli O86:NM, associated with a case of HUS in Japan (7) .
In February 2012, a stool specimen from a 3-year-old female with HUS was submitted to the Laboratory of Gastrointestinal Pathogens at the Health Protection Agency in Colindale, for analysis, having been found negative for nonsorbitol-fermenting E. coli O157 and other common enteric bacteria, at the frontline diagnostic laboratory. The child was extremely unwell, with severe cerebral involvement, and required admission to a pediatric intensive care unit. At the reference laboratory, the fecal specimen was tested according to the protocol described previously (8) . An isolate of E. coli grown from the fecal specimen was found to be positive by PCR for the vtx2 and aggR genes. The strain (designated 226) was identified biochemically and serotyped as E. coli O111:H21 (6) .
Prompt notification to the local public health authority facilitated rapid implementation of control measures. Screening of household contacts revealed the child's mother and 4-year-old male sibling each carried a strain of E. coli O111:H21 with the same pathogenic profile. Both contacts described had diarrhea, but neither were admitted to the hospital. Enhanced surveillance was initiated, but no additional cases were identified either microbiologically or via the British Pediatric HUS Surveillance program.
The index case lived on a farm with her parents and sibling, where the livestock consisted of dairy and beef cattle herds totaling 102 animals; there were no other ruminants. The farm yard was very compact, with the cattle sheds in close proximity to the farm house. Fecal samples were obtained from 29 cattle, including the animal with a recent history of mastitis. The agricultural samples were processed in the regional veterinary laboratory at the AgriFood and Biosciences Institute. All farm samples were examined by a standardized immunomagnetic bead procedure using beads In light of the similarities in their pathogenic profile, the VTEC EAggEC O111:H21 was sequenced and compared to an isolate of VTEC EAggEC O104:H4 from a German national diagnosed in the United Kingdom but linked to the German outbreak (strain reference 280). DNA from the O111:H21 isolate was prepared for sequencing with the Nextera sample preparation method and sequenced using a standard 2-by 151-base protocol on an MiSeq instrument (Illumina) as described previously (11) . FASTQ reads were deposited in the NCBI Short Read Archive, accession no. SRA055981. Velvet version 1.1.04 (20) was used to produce de novo assem- blies of the sequenced "shortPaired" fastq file, with the insert length set at 450 bp. A total of 442 contigs were produced with an N 50 of 65296. Illumina reads were mapped to the reference EAggEC strain 55989 using bowtie2 2.0.0 beta-5 (12). The sequence alignment map output from Bowtie2 was sorted and indexed to produce a binary alignment map (BAM). Samtools mpileup (13) was used to create a variant call format (VCF) file from each of the BAMs, which was further parsed to extract only single nucleotide polymorphism (SNP) positions that were of high quality in all genomes. SNPs were concatenated into pseudosequences and used to create maximum-likelihood trees using the jukes cantor model of DNA evolution with 500 bootstraps using MEGA5 (19) . Twenty assembled contigs formed a plasmid approximately 102 kb in size, similar to the pAA plasmid found in typical EAggEC isolates. Like the pAA plasmid described in the E. coli O104:H4 strain, the pAA plasmid of strain 226 encoded the Aat complex, the dispersin protein, AggR, and other virulence factors characteristic of EAggEC, including the SPATE SepA and the putative isopentenyl-diphosphate delta-isomerase (IPP isomerase) ( Table  1 ). The pAA in strain 280 encoded AAF/I, whereas the pAA in strain 226 contained a recently described aggregative adherence fimbriae variant, AAF/5. As with some other EAggEC plasmids described to date, it was incompatibility group F and contained both FII and FIB rep types, FII2 and an FIB most closely related to FIB10 (Table 1) .
Strain 226 contained several chromosomally encoded enteroaggregative-associated virulence factors. These included the AggR-regulated pathogenicity island Aai comprising the apparatus for a type VI section system first described and characterized in the prototypical enteroaggregative strain 042 (4). Also present on the chromosome of strain 226 are the SPATES Pic and Sat (2) . The vtx2 gene detected in strain 226 matched at 99% identity over the complete sequence with the vtx2c of a strain of VTEC O174:H46 (GenBank FR851897). The insertion site of the vtx2 encoding lambda-like prophage in strain 226 could not be determined, as the phage resolved into a single nonoverlapping contig; however, we can rule out the wrbA and yehV sites, where insertion commonly occurs. Strain 226 did not contain the locus of enterocyte effacement (LEE), which commonly governs the formation of attaching and effacing intestinal lesions in VTEC strains. The VTEC-associated virulence factor enterohemolysin was also absent.
Strain 226 was phenotypically sensitive to a panel of antibiotics, although low-level resistance to ampicillin was observed. The only ampC gene identified in the genome was the endogenous chromosomal copy usually expressed in small amounts of nonclinical significance due to a weak promoter and not a plasmidmediated copy. However, mutations in the promoter region can produce a hyperproduction phenotype resulting in clinical resistance, and several are found in strain 226 with respect to K-12 (9) .
The multilocus sequence type (MLST) ST40 was assigned in accordance with the E. coli MLST databases at the Environment Research Institute, University College Cork, Ireland. Strains from this clonal complex have been isolated in Europe, Asia, Africa, and North America and contain a wide array of pathotypes, including VTEC, EAggEC, classical and atypical EPEC, and nonpathogenic E. coli (Fig. 1A) . This diverse group in terms of pathogenicity is in contrast to the VTEC/EAggEC O104:H4 strain 280 that emerged from a distinct enteroaggregative lineage, ST678 (6) .
Concatenated SNPs generated against the 55989 reference were used to produce a maximum-likelihood phylogeny of strain 226 and 32 other publically available E. coli genomes (Fig. 1B) . Strain 226 has no close genome sequence in the public databases, differing by over 2,000 SNPs to the German O104:H4 strain and clustering phylogenetically with a pair of commensal E. coli strains isolated from healthy individuals (SE11 and IAI1).
The strain of E. coli O111:H21 described in this study was initially detected using a diagnostic PCR assay targeting the vtx and aggR genes and appeared to exhibit the same properties as the E. coli O104:H4 outbreak strain. However, genome sequencing revealed that the clonal complex, pAA plasmids, and phage-encoded vtx2 genes were different. Despite this variation in both the chromosome and the mobile genetic elements, this strain was capable of causing HUS, albeit in a different epidemiological setting than that of the E. coli O104:H4 associated with the outbreak in Germany. This highlights the potential for Shiga toxin-producing enteroaggregative E. coli strains, harboring a variety of mobile elements, to arise in distinct lineages of E. coli and to cause severe disease in multiple epidemiological settings. In order to avoid missing a threat to public health, clinicians presented with a case of bloody diarrhea or HUS should be aware that these symptoms can be caused by VTEC strains other than the classical intiminencoding strains.
